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A solution Yo a Pro\o\ew\ posed. by S5.,D. Swierstva

© 0n 4 Rbruary 1980 T presented o lechue abouk

- <,¥1;K\CJTIQHQJ:"\O rogrqmmin%,_, 4,:‘;ec,\ani%ues 5 GQmong. which fu[:/ ""3‘ P

ok ~\;\qe”\%<|}\<5 universiteit of Ukrecht . Afler this lecture,
 5.D. Swierstva ,,Posecl_ we a ,,Pwo\o\em..,,,,\,o,i)c\o the cwnotation
 dhat he Acou\a‘,,__wo.m\g‘ solve it ‘03 usinﬁ, __.‘a,ﬁfribufézm,g_m,«mmar,s.._ o
When 5 a,?euo ,c\o.é)s later, I slarled 4o think obout this
Pro‘o\em I solved it olmost ‘s,mw\ec\;a"e\c)». Hclruanéj .
most of_ the time T .,S,Pe.v{t, on it was devoted o the
. mnsjcruc%onofo—grma,\ pro\o\ems\aecncm*non -VYQV\A H:s

jy\fo rwal e sc.r_i,PJi_on,, W My memovy.

 The .‘Pmklemj..o,s”]: in'l'erFre{:ecL ik , Con. \oes-l'a:"e;:‘as o
o %\;\owsm, _ For ,'Lé“ae. ~Nowe e consider 4he :l:épew Seq .
,de?i:necl ,reCursiyei\éijg‘ R

 Seq = lisbof (dNowe |wName | 8509 .

S0, o (value o?,, 'l:xpe) Seq is_a list whose elements

are  Nowe's P\re(:)):ecl with either d or u , and |
Seq's W,Pfegixec\. with s . ,."l,'\ne_,,._,pre:ﬁxesw,AQL,,, w,and 5
serve to diseriminate the three coses in the clefin“r‘-ion

o{-) Seq. .
. Element: of Seq - can be m‘lerpre}eol, as block-shructured

programs i which da ,rePresevr\:s _the declaration Aof .

O Uva.wiaue with name a o, ua ,fepresen‘l:s,, o8 ,Si:o:‘:emen“:,
i which variable o is used , ond 5 x\represen{;s
~an  inner  block v.x‘,,-._‘_In,__oﬁ._/m_a..c\‘a'me—code_A,./__J:e_Prevsgp.‘}a,ﬁon_Aogv,,_,‘.”
such a progrom the “use instances” —ie. occurvences

prefed with u— of variables ave usually veplaced
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bg 5 SO-CanecL, ”ao\c\ressMS po.irs”: ¥re wachine -code
“_‘;mpresen’t.oiion_,,,,o_g & progrom aus{: is -—j;or our purpose—

a ist,.,onc.c\c\,r_essi ng ,pod,v:s.v__;.,,,T\ne,; .quP:.ngu,\from use
__instances to  oddressi ng - pairs :\:hgfe,_\o% depends on how
 the variables hawe been declared . Here, w,e.;,_Can_ﬁnc
ourselves Yo corvect programs , ohich _have the
‘,‘DroPef,‘:éﬁ_, that each varigble in o wse instance has
~ been declaredd in some block surro \A.v,m.c:\,i.mgw ot wse

instonce . Otherwise, we ,]vnP.ose.vvwo vestrickons ; in

) Poxjricu\ar 5 declavations need ot 'l:ex'l'ua”:j \orec:ec\e

) use.in,salances, o o

_ua is" in the 5<;o_Pe.,.”,Q¢., Ahe imverwost da .
 Becomse the translation 5 jn*o..._a_.;._\,is{.,,og.o.c\c\ress&nﬁ
S panrﬁ,o? an_ inner block depe.nolg., on _the declavations in
__4he blocks  surroundi ng. that b\,qc_\;w,‘_ Llc‘.,,,js_,,wimpo.ss}Hc..,, B
) _consider ,,'\'_ro.ns_.\akion..,o?.an. hver. b\ock.,qs.a.efwnckon
| OC that iwner block alone . The onlg thing we can do is
Yo consider tramslation as o fw\d—ion of both a block
_and o ..CQ,.njé,exf..“,,.,,.,w\xxere ‘Une Con.“fe,.x{‘,_mpr esen‘\:.s Q“ : ":‘nc&; B
1S necessowy to translate the block c:orrecHa . This
mnbﬁg)orma.hsecl,asgﬂows N —
__ For each ‘\:V\,oc;\(,,.. we comnsider ,{\nﬁ,“\is.{:l..os? wames
- declaved i that block. For this pwrpose , we nbroduce
_,.S:uhc.f"ion D, Mapping .,5,6(1}5 bo lists of. nawes ,
- ..,_Qﬂsu,__,A_go,\.\owsu_ —'—w\nere ~a has ‘{:Spe Newme owsc\,,_;,,‘@_he\[,e S
. x_cand é}c\enojre " Seq's—
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| : The context .ofc\, block now is a \,is'\:o\(?‘, such
~lists , one for each su[fau_nc\_ing, Cblock . (To aveid.

cose  anal 35}5 behween  local and global variables , We

define each block to surround I\:se\,? ) The {vanslahow

B o?o«, vProgram X viow 15 |- [:Dx] X o, La,‘oere.._-gmchon
T;sc\e?mea\, os -E“ows — n which ¢ denctes the

 To dhis definibion , funchon ap  maps confexts and
. names o address _,___,Pa‘\vr.s 5 ite deg? inition s | rre\eyanf o
here. Notice +hat an  inner block Y s +ransloted

 withinthe “extended COV\"’C’.X“:,/ ’Dé\ 5C as it should be.

The -"rqna\a}-mn\of}xts_r[@x]x One.waéj o

e\/cz.\ u,q.'}e -Hr\n,slé "'o ex/a“ua‘LQ D-x -rnfélc s 5\6\()mgo. R

list d (saa), ond. then to evaluote T:[d]-x . Both
evaluations involve inépecko,\n, OQ program X which

| 35_4,.“,,,-},\;12.A,_,_feo&sa_n,,.A‘_,\,O\né)w:Haj:s is called o ‘ﬁuDo——/.?ass R

Argna\o&[onw Pprocess. .,.<.-,T\ne_t._,_...Pmbiem M,_,Poseo\,, Laz)__,.,Swjers{m.m R

15: Coan We desfgn o One-—pass Yranslator ?
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To answer this awesjrion We have cx‘ least +wo oP“‘ions.

. One c.\oproac;b, which we shall not pursue heve | is to
_inkroduce o ,ﬁ«ncl-jonw F with s_pecj,-‘:.?\caﬂon:h

Fex = T.(Dxzc)x .
~ Then we have T-[Dx).x = Fllx . Now we ,,-\-_rg to
derive a recursive ,,dg%n‘\:l:ion_ -ﬂ-ﬂor Foin ohich weither T
nor D occwr onywore . This is _somewhat laborious , but
it can be done. S | o
 Another ‘Aogpproa.c‘a_.,,is Yo calculate in the ?o“owivg way:
= { abstraction, 1011 denctes a “where-clause” 3
4+ L t= TO0dIx & d=Dx U
= { introduction o? __g&nckon F, see below 3
2 0 td] = RO X0

M

Notice that the recursion in the ,,»_c\e,fini:‘:ion‘of Ty,dd

s a /oseuc/o recursion . d. onl c\ePencls on. X , not on

B H-se‘\_g‘_. e 4.«,\as£__5§-e‘,>, og dhis derivation is correct
xf - F 5Q,Jrns-ﬁes L

(@) Fex = [Tex,dxl .
 Deviving o recursive definifion for Fois o water of
5¥rqig‘njr-g>rwwo‘ CQ,\cu.\a:hon,‘ the wost Cow\‘a\ico&ecl,.

case 15 F»C-(ég_-,x), g:r which we derive
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Fc(sg,x)
£ 2) (spec. of F) }
[TCCSJ,X) D-Caysx) 1
{4 Q@) and (o) (c\ef‘m-l-nons ogTancL D) .}
l‘. T(D(\j,c)g—ﬂ-’rcx “Dex 1
= { cbstrackion om:L ‘i:uplmg } R
[T(D(») c)g H tx dx 1 1T [txdx] = [Tcx :Dx] ]\

= { idem ¥

L {‘él -H-“:x s dx ] ,
0 Ty,dyd = [T(dd c)g,:Dé] & [’cxc\x] [Tcx D-x] ]I
=1 ) Cspec. of F) Ghoice) b<) induction \Upo-n\es-s Ki
L tg-ﬂ-'\:x ,dx 1 B
i [{g,c\éj F (c\:] ,C) Yo R [{x dx] = FCx ]1

- | I \nus we._ OH‘QAn -\-\‘:e Q)Hou)mg c‘e?\m*-non % F —-c\en\/a:}’nons S
SR ?o the o“ner Cases own'H'ecL—- R

S Fel = [ [l []]

& Fe(dasx) = [ ¢, a,,c\.] \[ [.{ cl] = Fc X ]\ B
& Feoluayx) = L ap:C.a ; st,d7 L [+,d] = F.,C.x ]l .

& A,Ftcu_(ég,;,.x),, = 1:3 #4x , dx]

o Thydy] = Fldysody
J

chs\:kermore,,, we have derived —see Preyio,\&s,,,NP,o.«%e:-,.,,;w_,,, R —

TIDsxlx = + [ [+.dl- Fldlx] .

 The right-hand side of this equalily can indeed be

considered as o one~pass Yrowmslotor.
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Tn +he vealm of athribute grammars a distinchion is
 wmade  between 53?)‘,//)@,51’?66[._,.0;“&., mherided oltribules. Each
o ‘,_..W,w_sz)nihe_si»%ccl,, .Q,Hvtikujrc,,,isA_o,,.,?unckon,_,._of dhe (obstract-syntax)

 dvee __ik_‘.,;‘baen\oy%s 4o and .o.? dhe nherited atlbributes of that
 Yree. For each othribute introduced L the designerog e
aHribu,,lrcu,-A,.,gfom,vngx. must  decide whether it be o 5<\,Jn-\\nesizec]. o
_or an ‘nherited ome. Similarly «@r each value introduced |
. _-Hnew,_,gumc,ﬁonal - programmer ~wmust decide whether it s o

new ?uncl—ion, or whether it is added as a new parme}er to
) exisln"ng -fundions. I believe +hat both design prok[ew\s

ave essentially the sowe 3 whether their solubion s
_,,A_.,_.Vex‘:zfeﬁseo\.ﬂ_,.,,;_.in.;_. Hhe .g:_rma\ 15m oQ _obribude Growmmars or v
.,_m_‘_guncﬁo,nal_r,pro%m.m ,hg}aﬁom B ?50;) _minor _,i.mpa,f:‘nmge
o In%ec::;&of “the tromslakion Pmblemmmg. had no choice:
Lo Wwe  were forceoL 4o m"roc\uce the Con“:ex{i ‘as on. o
~ odditional parqw\ejrer of the  taanslation -?umckom L
. In his Ph.D. thesis  M.F. Ku,iper, claims Hhat
m.__,a,-H,-zibdre&,,__%rammafs_,.uc:an. be used to derive ._._efﬁc}e«nf,

-?und-;ona\ programs . Tn view of the above observaltion
) this is not so _Surprising . ~Until ow , however, it s My
) -me \"mpress?on Yot Hhe use o? ottribute -grammors. s
only a  roundabout oy Yo achieve what can alss be
achieved  directy . Here :l:up_\.ing Comes ]v».-.f.,-b,P[ing s
a Pro?mwv -l'v‘awsiz)rw\akovs -‘-ec\nvsiaue -F)r c:ow\\oin}n%
~__several ,Mfun,c}fons _into_one , © ?knw ith the \easanjt SR
side—etlect ow[) ikm‘:mvi ng  the - program s egg\)c;en% R
Notice that f\-up\i.ng can %:e
B Poth  the exaw F\es used \ngKu.iP,er,, 1o ‘suppor'l:
his claim S c\aap\'eréofl«\s HAhesis , ond the

-mexg;m‘;\ga._wu,s_ed \og ~T. Johnsson , in \mspa.Per B

,QPP\,{ecl alwost vnec,‘n_cm,iCa“é .

“Atbribude grammors as o g)unc\{ono.‘ Apro%rammin%

parao\igm”) ?Cu\ to convince me: T can ea.si\;
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 solve these Pvro\o\ems , o Co.,‘Cu\a:"iona.‘ woy without the
- use ,,;,OF, atribule gramwors . Let we 5 .Hﬁﬁrc?om 5 conclude
- with  the g:Howmg ,C,ond‘ecjru.\re S,

Tk way very well be Hab funchional programming
,prov,io\e,s,, an alternative do atlribude grammwars cnel

that the former lends ikself beMer o Grma)
_,,‘,,,manipu,\ahonw than the \QH@{ (IF éou..;,_mantw

nondelerminism : rep\ace ”runckoma\ " ‘02) "fe\as-iovxa\,”.) :

..wreger.e,y\.c_e.s B

T aox\ns_s.on_: “.Hﬂrl.v\o.w&e,gravnmwsmo.fz .,_,Q.mg,«.\ac\‘-{oma‘._w .
- programwming Pavadigm S S S
6. Kahn Ged) - 7 Funchonad ,,Progvta,mmi ng \awgméesancL o
o _Co,\MFulref architeckure * Springer- \_,/_e_»c\,ag_).,,,LNCS_Z}H&,«".’.!.SB} .

. M.F. Kw per : “Pavallel atribule evaluation” . Ph .D..,,,w}.‘ae,si,sj o
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